Introduction
Air core pulse transformers are an attractive alternative to Marx generators for charging high voltage pulse forming transmission lines, such as those used with high power electron or ion beam accelerators. In general, transformer systems are more compact than Marx generators because the low-voltage, primary capacitor bank is inherently a more dense assembly and is ordinarily not operated in a tank of insulating oil. The resulting system requires substantiaily less floor space and does not require separate oil storage and handling facilities. These simplifications yield a system that costs less to build and operate than a Marx system. The transformer that was built for the present experiments is an air core spiral strip design. It incorporates ring cage shielding to shape the electric field in the margins of the transformer (Fig. 1) .
Shaping the electric field in this manner is essential to preventing dielectric breakdown along the edges of the secondary winding. ,This type of transformer is particularly well suited to PPL service because it is less vulnerable to breakdown between the final turns of the secondary winding from nanosecond voltage transients generated by PFL discharges than helical wire wound transformers. The reason for this is the high inter-turn capacitance of strip transformers. Since the turns directly overlay each other, the capacitance components are directly in series to ground making the total capacitance comparatively low. This characteristic produces uniform voltage grading through the thickness of the secondary winding and avoids the problem of wave transit time isolation between turns.
At Sandia Laboratories shielded spiral strip transformers were originally developed for a number of systems which operated with output voltages up to 1 MV. 31iThe new transformer was tested to 2.2 MV in an off resonance single swing charging mode and to 3 MV in a dual resonance charging mode.
System Description A 4.6 kJ, + 50 kV capacitor bank was designed and built to provide primary pulsed power for the system.
The load section consisted of a coaxial water capacitor, a gas dielectric spark gap switch and a water load resistor. Photographs of the system are shown in flanges. These flanges support the acrylic end plates of the transformer and provide a rigid connection to the external load system. The primary turn, located between the fiberglass case sections, is also part of the structural assembly. It is attached to the fiberglass sections through shallow flanges around each edge of the turn. When fully assembled, the transformer was sealed so that the interior volume was liquid tight. It was then filled with oil and vacuum impregnated for a period of approximately three weeks before electrical tests began.
The inductance parameters of the transformer were initially calculated and later confirmed by measurements. They are given in Table I . 
Operational Results
The transformer system was first operated in an off resonance single swing charging mode. For these tests, the capacitor bank was directly coupled to the transformer primary in a minimum inductance configuration and the transfomer output fed directly to the 1.1 nF load capacitor. The charge transfer time was 1 ps as shown by the waveform in Fig. 5 . The system was tested at successively higher voltages to a maximum of 2.2 MV. 
